







Chemical concentrations and fractionations during formation of frost flower on sea ice 
 
Sumito Matoba1, Keiichiro Hara2, Tetsuhide Yamasaki3 and Motohiro Hirabayashi4 
1Institute of Low Temperature Science, Hokkaido Univ., 2Fukuoka Univ., 
3AVANGNAQ Arctic research expedition with a dog-sledge, 4National Institute of Polar Research 
 
Frost flower (FF) on sea ice are formed on new and thin sea ice by water vapor sublimation under low temperature. Recent 
studies showed that FF was main source of sea salt aerosols in polar region and could affect the interpretations of ice core 
studies, and that FF played a role of releaser of halogen, which could decompose ozone in troposphere. However, the studies 
about chemical compositions of FF are not enough because of the difficulty of approaching of observation sites. We conducted 
a field observation at Siorapaluk, northwestern Greenland from February to March in 2014. We collected FF, snow and aerosol 
samples on sea ice in front of Siorapaluk. We also measured meteorological conditions by an auto weather station near 
Siorapaluk from December 2013 to April 2014. In this presentation, we report chemical compositions of FF and concentration 
processes of sea salt during growing of FF. Concentration factor of FF and brine water onto sea ice calculated by ratio of 
sodium ion concentration in FF and brine water to sea water ranged 1 to 3. It indicates that sea salt in FF is originated from 
brine water on sea ice. Enrichment factor of sulfate in FF tends to decrease with increase of concentration factor. The decrease 
of EF of sulfate could be caused by formation of mirabilite in brine water during formation and growth of FF. EFs of bromide 








析出する。FF の塩分濃度は海水の 3 倍程度になると報告されている。また低温下ではブライン内で Mirabilite
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 海水中のナトリウム濃度を基準とした FF、SS の濃縮度（Conc. Factor）は、ともに 1 から 3 程度を示した。これ
は海氷形成時に海氷から排出される高濃度のブライン水が海氷表面に存在し、FF の形成及び成長時にブライン水
中の化学成分が FF に取り込まれる過程が存在することを示唆している。 
	 図 1 に濃縮度と各イオン主の濃縮係数（EF: Enrichment Factor）の関係を示す。EF は海水中の成分組成を基準に
以下の式で表され、ナトリウムイオンを基準に、化学種の選択的な濃縮または除去の過程の評価に用いられる。 
EFx = [X/Na]sample / [X/Na]sea water	 	 	 	 X: 対象とする化学成分 
 
	 硫酸イオンは、濃縮度が増加するに従って濃縮係数が減少する傾向を示した。形成の初期段階の FF の濃縮係数
が高い傾向を示したことから、FF の成長に伴い Mirabilite が析出して除去され、FF の成長後期には硫酸イオンの
相対的な濃度が減少したブライン水から FF 表面に塩が析出するような分別過程が推定される。マグネシウムイオ














































Conc. Factor  
Figure 1.  Relationship between concentration factor and enrichment factors 
of sulfate, magnesium ion, bromide in frost flower on sea ice. 
 
